Objective: Impaired estrogen action is a risk factor for coronary artery disease (CAD). Associations of CAD with estrogen receptor a (ERa) polymorphisms, which may influence sensitivity to estrogen, have been reported for men; the data concerning women are not conclusive. We investigated the association of common ERa polymorphisms with the severity of CAD and with metabolic and reproductive factors in postmenopausal women undergoing coronary angiography. Methods: ERa polymorphisms at positions c.454-397 TOC (PvuII) and c.454-351 AOG (XbaI) were studied in 157 women (age 45-88 years). The severity of CAD was assessed by the number of arteries with O50% stenosis in the angiography.
Introduction
Coronary artery disease (CAD) is a multifactorial disease with a definite genetic element, however the genetic risk factors involved remain obscure (1) .
Sex hormones are important for the development of CAD as suggested by the sex difference in the occurrence of CAD between premenopausal women and age matched men. This difference almost disappears in postmenopausal women (2) (3) (4) . Several lines of evidence suggest that endogenous estrogens have a protective effect against the development of CAD for both men and women (5) (6) (7) .
The beneficial action of endogenous estrogens on the cardiovascular system is effected both directly and indirectly. Directly, through both genomic and non-genomic mechanisms, estrogens have a vasodilatating, anti-inflammatory and antiproliferative action, while indirectly they favorably influence the lipidemic profile and affect coagulation and fibrinolysis factors (6, (8) (9) (10) .
The genomic actions of estrogens are mediated through the two known nuclear estrogen receptors (ERa and ERb; (11, 12) ). ERa is expressed in endothelial cells (13) and vascular smooth muscle cells (14) (15) (16) (17) , where it affects the transcription of several genes involved in vascular function (6, 8, 9) . Genetic polymorphisms of the ERs may affect the transcriptional function of the ERs and thus the tissue response to estrogen. Such polymorphisms are common sequence variants (mostly single nucleotide polymorphisms (SNPs)), which are conventionally present in O1% in the population. On the other hand, a mutation is a rare change in genetic material, which usually causes a disease phenotype. An extreme example of dysfunction of the receptor has been reported in a young man who carried an inactivating mutation in the ERa gene, causing severe estrogen resistance; this individual manifested premature atherosclerosis despite high circulating levels of estrogens (18) . Since this report, several studies have investigated common ERa SNPs, specifically the PvuII and XbaI examples, in connection with clinical, angiographic and biochemical parameters predisposing for cardiovascular disease, both in men (19) (20) (21) (22) (23) (24) (25) (26) and women (19) (20) (21) (22) (23) (24) . Most of these studies have focused on men and the results concerning women are inconclusive. More rarely other polymorphisms of ERa gene like the (TA)n polymorphism have been examined (22, (27) (28) (29) . In the present study, we investigated the possible influence of the two common polymorphisms of ERa, c.454-397 TOC (PvuII) and c.454-351 AOG (XbaI), in the manifestation and severity of CAD, focusing only on postmenopausal women and specifically on a highly selected group of women who are undergoing coronary angiography for suspected CAD.
Patients and methods
One hundred and seventy eight consecutive women who were referred for coronary angiography during a period of 2 years (from September 2003 to February 2006) were examined for evaluation of CAD. Of these women, 173 underwent coronary angiography for diagnostic reasons and 5 were evaluated a few days after an acute coronary attack. Clinical suspicion for CAD was based on the following criteria: angina, atypical chest pain, previous myocardial infarction, positive stress test, atrial fibrillation, cardiac arrhythmias, dyspnea during exercise, valve disease and strong family history for CAD. Sixteen women were excluded from the analysis for the following reasons: one had undergone heart transplantation, one had acromegaly, three were on long-term therapy with corticosteroids, four were not of Greek ethnic origin, seven were premenopausal and a further five women refused to participate in the study. Thus, 157 women were finally genotyped. This group of women were of Greek ethnic origin and all the patients included in the study were informed of the aim of the study and gave their consent. The protocol was approved by the hospital's Ethics Committee.
The recorded clinical data included: current age, age at onset of CAD and clinical parameters of cardiovascular disease: history of angina and myocardial infarctions, presence of risk factors such as hypertension, diabetes mellitus, dyslipidemia, smoking (O10 cigarettes per day at time of assessment or during the last 2 years prior to CAD), drug therapy, alcohol use, and family history for premature CAD, diabetes mellitus, and dyslipidemia. A detailed gynecological and reproductive history was also recorded concerning age at menarche and menopause, number of menstrual cycles per year, past and current use of HRT and/or contraceptive medication, number of pregnancies, live births and abortions. At clinical examination height and weight were measured with women wearing indoor clothes without shoes; body mass index (BMI) was used to estimate obesity; waist perimeter and waist to hip ratio was used to evaluate fat distribution. Blood pressure was measured with a mercury sphygmomanometer while women were in the supine position.
The extent of CAD was assessed by the number of arteries (0-3) with more than 50% stenosis of their luminar diameter in the angiography as confirmed by two independent cardiologists. The age range of the women who participated in the study was 45-88 years. Thirty three women had one, 34 had two and 20 had three vessel disease, while the remaining 70 subjects turned out to have zero vessels with important stenosis and thus served as the control group. The characteristics of the women participating in the study are shown in Table 1 .
Hormonal and biochemical investigation
Fasting blood samples were obtained by venipuncture between 0800 and 0900 h. Biochemical parameters such as glucose, total cholesterol, high density cholesterol (HDL), low density cholesterol (LDL), triglycerides and uric acid, were measured immediately. Insulin, estradiol, total testosterone and sex hormone binding globulin were measured in consecutive assays in sera that had been stored at K20 8C. Estradiol was measured using the method Spectria E2 sensitive (Orion Diagnostica, Espoo, Finland), testosterone by RIA (Biosource Europa SA, Nivelles, Belgium), and serum insulin by IRMA (Biosource Europa SA). Basal insulin resistance index (HOMA) was calculated using the formula: insulin resistanceZFI!G/22.5, where FI is the fasting insulin (mU/ml) and G is the fasting glucose (mmol/l).
Molecular analysis
DNA was extracted from peripheral lymphocytes. Polymorphisms of ERa at positions c.454-397 TOC (PvuII) and c.454-351 AOG (XbaI) were genotyped. PCR was performed in a DNA thermocycler using one unit of TaqDNA polymerase per reaction. The primers used were: 5 0 CTGCCACCCTATCTGTATCTTTTCCTATTCTCC-3 0 (forward) 5 0 -TCTTTCTCTGCCACCCTGGCGTCGATTATCTGA-3 0 (reverse) (30) . The database source for the primers was: www.ncbi.nlm.nih.gov/Genbank; identification number xbaIZrs9340799 and pvuIIZrs2234693. The reaction product contained a fragment of intron 1 and exon 2 of ERa where the restriction enzyme recognition sites are located. Subsequently, the product was digested with two units of the enzyme PvuII (GIBCO BRL) for 2 h and with two units of the enzyme XbaI for 24 h. Finally, the digested PCR product was subjected to electrophoresis in 2% agarose gel with the appropriate molecular size markers and the results were photographed under u.v. light. The genotype PvuII was characterized as CC, CT and TT, where the T allele characterizes the existence of a PvuII site, and C the absence of this site. Similarly, the genotype XbaI was characterized as AA, AG and GG, where the A allele characterizes the existence of a XbaI site, and the G allele the absence of this site. Accuracy of the restriction fragment length polymorphism was verified by performing duplicate reactions in 5% of the samples. In all cases identical results were obtained. Haplotype analysis taking into account both polymorphic sites, which are tightly linked, was also performed. The most frequent haplotypes in our population were TA (group 1) and CG (group 2), followed by CA and TG.
Statistical analysis
For contingency tables the c 2 statistic with Yates correction and the c 2 test for linear association (Mantel-Haenszel c 2 ) were used. Correlations between continuous variables were calculated by linear regression model (Pearson correlation). Multivariate analysis (step multiple regression) was performed including as possible confounders all the variables for which there was some correlation which was statistically significant, or tending to be significant, in the univariate analysis. Where the distribution was normal, t-test was used for comparing the means, otherwise the Mann-Whitney (M-W) rank test was used for comparing central tendency.
Results
The distribution of PvuII ERa variants was as follows: TTZ36.3%, TCZ48.4% and CCZ15.3%. On the basis of these findings the incidence of the T allele was 60.5% and the C allele 39.5% ( Table 2 ). The distribution of XbaI polymorphism of ERa was: AAZ33.1%, AGZ 52.9% and GGZ14%; the occurrence of the A allele was 59.5% and of the G allele 40.5% (Table 2 ). This distribution did not differ from that expected according to the Hardy-Weinberg equilibrium. There was a significant correlation between PvuII polymorphism of ERa and CAD severity as expressed by the number of arteries with a significant stenosis in the coronary angiography ( Table 3 , Fig. 1 ), the Mantel-Haenszel test for linear association giving a P value of 0.008. This association remained statistically significant irrespective of whether the analysis was considered towards increasing frequencies of the C allele, i.e. TT, TC and CC, or the presence or not of the C allele, or when comparing homozygotes vs heterozygotes for this allele.
Similar results were obtained when considering the XbaI polymorphism: the presence of allele G showed a positive association with the presence of stenosis in more than one coronary arteries (PZ0.021, Mantel-Haenszel test for linear association; Table 3 , Fig. 2 ). Multivariate (step) analysis showed that these associations were independent of chronological age, age at menopause or time since menopause (Table 4 ). In a different model, the associations of the severity of CAD with hypertension, hypercholesterolemia, insulin levels, and the PvuII ERa polymorphism were considered. Multivariate (step) analysis showed that the association of PvuII ERa remained significant (Table 4 ). Similar results were obtained when HOMA basal insulin resistance was used instead of insulin. No associations were found in the occurrence of angina or myocardial infarction and the age at onset of cardiovascular symptoms according to genotype. Haplotype analysis taking into account these two polymorphic sites showed that the most frequent haplotypes in our population were TA (57%) -group1 and CG (34%) -group 2; haplotype CA was found in 4.5% and TG in 4.5%. Women carrying two copies of the CG haplotype belonged more frequently to the subgroup with more severe CAD (PZ0.02, c 2 test for linear association, Table 3 ); the level of significance was roughly the same as with genotype analysis ( Table 3 ).
The following parameters were significantly higher in the group of women who were homozygous for the Pvu2 C allele when compared with the group of T carriers. Insulin levels were significantly increased, 19.1G10.9 vs 14.5G8.9 (PZ0.044, M-W test) and so was waist to hip ratio: 0.93G0.01 vs 0.9G0.07 mU/ml (PZ0.028 M-W test). No significant differences were found in the total cholesterol, LDL, HDL cholesterol or triglyceride levels in either the frequency of use of lipid lowering drugs or the HOMA-IR index. The same was true for age, BMI and the presence of diabetes mellitus; arterial blood pressure was marginally higher in CC homozygotes (137.2C3.1 vs 130.2C1.6, PZ0.055, M-W test). Mean estrogen or testosterone levels did not differ between the two genotype groups of postmenopausal women (mean testosterone 440G90 vs 402G 38 pmol/l, mean estradiol 2.05G0.26, vs 2.2G 0.15 pmol/l, ns).
The effect of the ERa PVUII polymorphism on the age of menarche and the age at menopause as well as menstrual cycle frequency and number of live births was next considered; no significant association of the polymorphism was found with age at menarche, age at menopause, or the frequency of menstrual cycles. A significant association was found in the number of births (information available for only 124 of the women) between women homozygous for the C allele and carriers of the wild type allele (either homozygous or heterozygous); of women homozygous for the C allele, 38.9% belonged to the group with a low number of births (%1), while of women carrying the T allele only 13% belonged to the group with births %1 (PZ0.014, Fisher's exact, two-tailed).
Several classical risk factors for CAD were significantly associated with the severity of CAD, such as current age, hyperlipidemia, positive family history for early CAD, waist perimeter and the presence of diabetes mellitus (not shown).
Discussion
In this study, we investigated the possible effect of ERa polymorphisms on the severity of CAD in women referred for coronary angiography. We found evidence that ERs, which influence the estrogen action at the tissue level, may play an important role in the development of more severe CAD in this highly selected group of postmenopausal women. In our investigation, we did not perform any study to assess sensitivity to estrogen; however, we found that ER variants, which may be associated with modified estrogenic action (19, 22, 23) , are independently associated with more severe CAD. This further supports the important role of estrogens in cardiovascular health and agrees with the significant effect of the duration of total lifetime endogenous estrogen exposure that we have recently reported (31) .
These findings point to the same direction with the majority of reports about the effects of estrogen in men (19, 25, 32) . The population studies showed that some ER variants are consistently associated with clinical parameters, which predispose to atherosclerosis and cardiovascular incidents. Thus, a recent large epidemiological study in a subpopulation of the Framingham study (19) showed that men carrying the PvuII variant (C allele) had three times higher risk for progressive cardiovascular disease and myocardial infarction. Because of the small number of events among the women who were investigated in that study, no report of the corresponding risk in women was calculated. Furthermore, recently it was found that the CC genotype was an independent risk factor for myocardial infarctions in a large sample originating from five compiled populations (25) . The importance of this polymorphism was also confirmed in a study performed in men who had a higher risk of stroke when they were homozygous for the C allele (26) . Two further studies from Finland are in accordance with this finding. The first one of these was carried out in healthy men and found a positive association between the presence of this variant and premature coronary artery dysfunction (32) , while the other showed that in postmortem investigations a much higher incidence of atherosclerosis was found in PvuII carriers (33) . The Rotterdam study (20) is the only study to have so far reported results which do not agree with ours. In the study in question, a random sample of the population was examined for the incidence of CAD for a 7-year period, and the findings suggested that the combination of the haplotype T and A in the PvuII and XbaI polymorphic sites respectively is an important risk factor for coronary heart disease events exclusively in women. We cannot offer an explanation for this difference. It should be noted, however, that the results of our study cannot be extrapolated to the general population, as it was performed in a highly selected group of subjects who, as a group, had a significant number of other risk factors for cardiovascular disease. Finally, there are several studies which found no statistically significant correlations between these ERa polymorphisms and coronary heart disease events (21) or the presence and the severity of coronary atherosclerosis (34, 35) in either sex.
Our results indirectly agree with the findings of several -although not all -other studies, which suggest that the effect of polymorphisms of ERs may modify the exposure of various tissues to estrogens thus resulting in different clinical phenotypes in diseases, such as breast cancer (36) (37) (38) (39) , endometrial carcinoma (40) , and osteoporosis (41) (42) (43) . It is also possible that these variants may influence clinical parameters such as age of menarche and menopause (44, 45) ; in this way these polymorphisms may influence the length of exposure to the protective effect of estrogens during reproductive years. Other clinical parameters associated with these ER variants are the presence of endometriosis (46) and higher systolic arterial blood pressure (47) . In fact in our study too, women carrying the PvuII TOC polymorphism had a tendency for association with higher systolic arterial blood pressure, which did not reach statistical significance.
It is also possible that ER activity may participate in the observed differences in features of the metabolic syndrome. We found that insulin levels were higher and central obesity was more common in allele C homozygotes. Other studies have shown positive associations between LDL cholesterol levels and ERa polymorphisms in healthy children homozygous for the XbaI G allele (48) and in female smokers homozygous for the PvuII T allele (49) , whereas Matsubara et al. have not found any association between lipid levels and ER genotypes (35) . Finally, ERa polymorphisms have been very recently associated with insulin sensitivity and the metabolic syndrome only in women of Asian origin participating in the Study of Women's Health Across the Nation (50).
One possibly interesting observation is the association with the number of deliveries in this population, showing a higher representation of homozygous PvuII C allele carriers among the women with a low birth rate. This finding needs to be confirmed in a larger population sample of normal women, but possibly agrees with the later start of ovulatory cycles and earlier menopause that have been reported (44, 45) and the importance of this receptor for reproductive function. Interestingly, our previous observation concerning the success rate of in vitro fertilization points to the same direction (51) . In their population study, Weel et al. (45) did not find any differences although no detailed information was available. There are several studies in the literature supporting the functional importance of the ERa polymorphisms, studied in the present study. It has been speculated that this intronic site, which is situated at a distance between 397 and 351 nucleotides from exon 2, might result in alternative splicing, thus modifying the gene's function as has been reported for other genes (52, 53) . It is also possible that this site might be the locus of attachment of a transcription factor, B-myb, which is nullified when nucleotide T is present, thus affecting the speed of transcription of the receptor gene (54, 55) . Finally, it is possible that this polymorphic site is linked to some other locus, which has a role in cardiovascular disease. It has been reported that the PvuII intronic polymorphism is linked to the polymorphic TATA repeat site in the ERa promoter region (56) .
One limitation of our study is the relatively small number of subjects studied resulting in comparatively small genotype groups and thus our results may not be generalized. However, these women belonged to a highly selected group with possibly multiple predisposing factors and the observed effect was independent of other factors. Thus, although these results cannot be extrapolated to the general population, they show that within this group of women the genotype of sex hormone receptor may be of importance for the severity of CAD as it has been previously shown for men (19, 25, 57) , obviously reflecting the long-term effects of sensitivity to hormonal action.
In conclusion, common polymorphisms of the ERa gene, which probably modify estrogen action at the tissue level, may affect the severity of CAD in a population of highly selected women who were referred for coronary angiography, since they probably reflect the degree of past tissue exposure to estrogens. This association is independent of other classical risk factors for CAD. If these results are confirmed in a larger population sample these polymorphisms should probably be taken into account when associations with estrogenic action are examined.
